LUCERO, M. & CASTROVIEJO, S., 1993. Cytotaxonomic studies in the sections Spirostachyae (Dreyer) Bdey and Ceratocystis Dumort. of the genus Carex L. (Cyperaceoe), with special reference to the Iberian and North African tarn. Karyological studies were carried out on Iberian and North African populations of all species included in sections Spirosfacbae and Ceratocysfis of the genus Carex, with observations made on meiotic divisions in one to seven individuals per population. In the light of the karyological data we present hypotheses of the most probable phylogeny of the section Spirostachyae, and of the relationships of the sections Spirostachyae, Ceratocystis and Elatae. Carex laevigata and C. camposii are transferred from section Elatae to section Spirostachyae.
INTRODUCTION
The genus Carex possesses a number of cytogenetic peculiarities, among which are: a ) the abortion of three of the four nuclei resulting from the two meiotic divisions of the pollen mother cells; b) chromosomes with diffuse centromeres; c) post-reductional meiosis; d ) viability of chromosome fragments resulting from fission and of new chromosomes originating from fusion. This last characteristic has resulted in the creation of an aneuploid series from 2n = 12 to 2n = 114 (Luceiio, unpublished) . Although the term agmatoploidy should be applied strictly to ploidy levels produced by fission events (Malheiros GardC & Gardk, 1950) , we use it here in a more generalized sense, including structural aneuploids or dysploids arising from chromosome fusion. Autopolyploidy is also known in Carex (Davies, 1956a; Hoshino, 1981; Tanaka, 1940) , as is quantitative aneuploidy (Schmid, 1982) . Nonetheless, allopolyploidy has not yet been demonstrated.
Chromosome counts are reported in numerous species of the section Spirostachyae (Drejer) Bailey, but is isolated data. No monographic study of the karyology of this section has been carried out.
Two of the species studied, C. laevigata and C. camposii, have been included traditionally in the section Etatae Kuk.; we will show here that there are sufficient reasons to consider these species as members of section Spirostachyae, as will be seen below.
For political and financial reasons, our study area has not included the Eastern Mediterranean or Western Asia, which are important regions of species diversification in the section Spirostachyae.
With respect to the section Ceratocystis Dumort., numerous data are available for comparison with our own findings, particularly the monographic study of Schmid (1982) on Swiss plants, that of Davies (1953a, b, c, d; 1955) on British material, and that of Stoeva & Stepankova (1990) on plants of Czechoslovakia. There were, however, no certain chromosome counts of C. nevadensis and only of one individual in the case of C. durieui (Dietrich, 1964) .
MATERIAL AND METHODS
More than 400 plants were collected from many localities (Tables 1-12 ) and were cultivated in the open-air in pots placed in water-filled trays.
The number of populations and individuals studied varied between taxa depending on the variability and homogeneity of the cytotypes and the configurations observed in preliminary studies.
Fixation was carried out in a mixture of absolute ethanol, glacial acetic acid and aceto-carmine (10 : 4 : l ) , with one or two drops of ferric acetate added to each vial. Male spikes with the glumes removed were fixed for a minimum of 4 h (although they could be preserved for a long time at -18 to -20°C.). Anthers were placed in a drop of aceto-carmine on a slide, covered with a cover slip, flame heated for a few seconds, then squashed.
The preparations were mounted in Hoyer's medium, a semi-permanent fluid which assures preservation for at least 5 years at ambient temperatures (Luceiio, 1988) . Voucher specimens are deposited in the herbarium MA and the preparations conserved in the cytology laboratory of the Royal Botanical Garden of Madrid. As is evident from Table 1 , we observed regular meiosis in all cases, with complete pairing in both M I and M I I . The majority of populations and individuals studied showed 3711, but two of the three individuals studied from the La Pedriza (Madrid) population showed 3611. This may indicate a chromosome fusion event (Lucefio & Castroviejo, 1991) , with the cytotype n = 36 having originated from a n = 37 cytotype. Another possibility is that n = 36 is a relict cytotype of C. binervis remaining in some individuals of the Madrid population, having generated the currently dominant cytotype, n = 37, by chromosome fission. I n favour of the first hypothesis are the observations that n = 37 also appears in other individuals of the population, and that at the nearby Canencia Pass (Madrid, 990ML) a value of n = 37 was also obtained, which is identical to the sole number obtained in Great Britain, Germany, and Portugal (Davies, 1956a, b; Dietrich, 1972; Queirbs, 1980 , and the predominant value presented here in our results. In favour of the second hypothesis is the high probability that the ancestor of C. binervis possessed a chromosome number lower than n = 37, given the results obtained in related species (see below). Nonetheless, taking into account the situation in C. laevigata, where chromoscmal fission is a more successful process in evolutionary terms but fusion is not uncommon within populations (Lucefio & Castroviejo, 1991) , the two hypotheses are not incompatible. Figure 1 gives the predominant cytotype in C. binervis. Carex camposii Boiss. & Reuter Table 2 shows the results of meiotic observations carried out in this species.
As in the previous species, the karyological variability of this taxon is quite limited; only one individual shows a quadrivalent (Fig. 2) . Various hypotheses concerning the formation of quadrivalents in the genus Carex have been presented. Faulkner (1972) believed that their most probable origin was by means of reciprocal translocations. O n the other hand, Cayouette & Morisset (1 986) suggested that given the low frequency of quadrivalents, their most likely origin was due to residual homologies between bivalents, since species of Carex with elevated chromosome numbers are considered to be former polyploids. If the frequency of appearance is high, the quadrivalents would be due, according to the latter authors, to tetrasomy or reciprocal translocations. A final possibility explains the origin of the quadrivalents by rupture of two homologous chromosomes at different points. The frequency of a particular quadrivalent during meiosis in a given individual is dependent, in our opinion, on the moment where the chromosomal translocation, fission, or duplication occurs. In C. camposii, all cells examined from the individual from population 13488ML (6) show the quadrivalent.
Carex camposii is an endemic of the Sierra Nevada and the Sierra de Filabres (Spain), which we do not believe to be present in Portugal (Lucefio, 1 9 9 2~) . This makes doubtful the account published by Dietrich (1964) , who applied this name to Portuguese plants with reported 2n = 68 chromosomes.
Carex distans L. Table 3 shows the results of observations made in 43 individuals belonging to 17 Iberian and North African populations.
Carex distans is distributed throughout the greater part of Europe, North Africa, and Western and Central Asia to Western China. The species is highly variable morphologically, presenting numerous taxonomic problems particularly in the eastern part of its distribution range.
We have found four cytotypes and six meiotic configurations in C. distans. Results obtained by previous authors are summarized in Table 4 .
The chromosome numbers 2n = 68, 70, and 71 are new for the species. The morphology of the trivalents found in aneuploid individuals indicates their origin agmatoploid processes, since they are heteromorphs with only two homologous regions, but it is still not clear whether they arose by fusion or fission of chromosomes. The difficulty is in determining the original euploid number of C. distans, since there are at least four cytotypes with an even number of chromosomes and regular pairing at meiosis. Favouring fusion, Hoshino (1981) stated that a trivalent comprising a large central chromosome flanked by one medium-sized and one small chromosome originated from the fusion of a medium-sized chromosome with a small one to produce a single large chromosome. It is evident that to interpret this type of trivalent one must know the original euploid number, and data from a single population are not sufficient. A trivalent with this morphology could have originated by fission of one of a pair of chromosomes into two fragments of unequal size. The population which shows greatest variability is that at San Vicente de la Barquera (21888ML), of which two of the four sampled individuals displayed were 3611, one 3511, and one 1III+34II. This last cytotype appears to be the intermediate between the first two. Thus, in the population near Ribadesella The chromosome counts do not clearly reflect a biogeographical correlation, as occurs in the case of C. laeuigata (Luceiio & Castroviejo, 1991) . Nonetheless, in the centre of the Iberian Peninsula all populations studied showed individuals with n = 37. Curiously, cytotype n = 35 occurs frequently in the north as well as in the south of the Peninsula, although n = 37 is also present. Further to the south (North Africa), we have observed individuals with 2n = 68 (3411, Fig. 3) and 70. If we suppose that the Moroccan populations had a more recent origin, via migrations across the Strait of Gibraltar, a fusion event would have occurred in the origin of this cytotype. In the related section Ceratocystis, the most prominent evolutionary tendency, according to Crins & Ball (1988) , is fission of chromosomes. Schmid (1982) , on the other hand, believed this phenomenon to have been of little importance, and instead pointed to duplication of chromosomes as the cytological mechanism which has given rise to the ascendent series in which Schmid as well as Crins & Ball are in agreement. In the case of C. distans, it is possible that both fusion and fission processes have been involved, but we have not found any cytological evidence of chromosomal duplication; trivalents with three homologous regions were never observed.
We might imagine that the most recent cytotype is n = 37, in which case chromosome fission would have been the most prominent mechanism of cytological evolution. Favouring this hypothesis is the situation described above for the section Ceratocystis, and the fact that the majority of the species closely related to C. distans, as will be discussed later on, are predominantly 2n = 68, coinciding with that obtained for the Moroccan population of the Great Atlas. It must also be considered, as we demonstrated in C. laevigata (Luceiio & Castroviejo, 1991) , that chromosom+l fusions may be present in a species even when fission has been the more implortant process in cytological evolution. T o resolve this question, it would be of interest to obtain chromosome counts from eastern populations of C. distans, as well as from related sympatric species in eastern parts of its distribution, such as C. diluta, C. cretica, and C. troodi.
It is interesting that in Doiiana (Spain) there are two cytotypes differing in four chromosomes, although in the interior of each population the chromosome number remains constant. Given the variability of the mineral composition in Doiiana soils, this may be a case of ecological diversification. In the light of the above discussion one might consider the possibility of a correlation between the observed cytotypes and the presence of constant morphological characteristics which would permit us to separate various taxonomic entities within the highly variable species C. distans. Population 10346SC (Chdiz, Spain) invariably includes individuals with two male spikes, but this character is not observed in the remaining populations which have the same chromosome number. On the other hand, the Doiiana populations include individuals with dark-red, almost purple, female glumes, which makes them difficult to distinguish from certain atypical forms of C. binervis. However, this character appears to be independent of a particular cytotype since, as has already been said, populations with n = 35 and n = 37 appear in this zone. These deviations from the typical morphological patterns of the Linnaean species might represent the first steps in conversion into taxonomic races of what at the moment appears to be no more than chromosome races. Carex extensa Good.
All chromosomal counts previous to our own (Table 6 ) gave a diploid number (deduced or not) of 2n = 60. We examined a single population from each of the Iberian coasts (Table 5 ).
The lack of cytological variability in this species is paralleled by the very limited morphological variability. The ecological specificity of C. extensa, whose habitat range is limited to humid, saline zones, is among the causes of its limited variability. This species has the lowest chromosome number in the section Spirostachyae (Fig. 4) , considerably removed from the next (2n = 68), this number being more common in the neighbouring section Ceratocystis. If we were to assume that chromosomal fission has been the predominant process, then C. extensa would be the most ancient taxon of the section Spirostachyae.
Carex jissirostris Ball
Results of cytological studies on this endemic of the Moroccan Great Atlas region have been presented elsewhere (Luceiio, 1993) . Meiosis was observed to be regular, with a value of n = 36.
Carex helodes Link
As with the preceding species, this endemic of the southwest Iberian Peninsula has been re-evaluated (Lucefio, 199213) .
It should be mentioned here that the number obtained (n = 36) differs by four chromosomes from that of C. laevigata, a species with which C. helodes has been confused in that region.
Carex laevigata Sm.
An exhaustive study of the cytological evolution of this species has been presented in a recent work (Lucefio & Castroviejo, 1991) . In that study we obtained the deduced diploids 2n = 69, 70, 71, 72, 73, 74, 75, 76, 78 , and 80, and noted a striking correlation between chromosome number and geographical area, which is reflected in a north-south gradient of chromosomal fission. Results of karyological study of this Central Iberian endemic were presented with the description of the species (Luceiio et al., 1987) . The sole number obtained was n = 34, and meiosis was observed to be normal.
Carex mairii Cosson & Germ. (Figs 5 and 6)
We studied 20 individuals from eight populations of C. mairii, a species found in Spain, France, northwest Italy, and Morocco. Data are presented in Table 7 .
Chromosome counts have been carried out by Davies (1956b ; n = 34; Almeria, Spain), Dietrich (1972; n = 35; Liguria, Italy), and Kjellqvist & Love (1963;  2n = 68; Jatn, Spain). Here we found aneuploid 2n = 69 as a new chromosome number for the species.
Although fewer populations were examined than was the case with C. distans, the cytotypes do not appear to show any correlation with geographical distribution.
Carex punctata Gaudin
Because of the scarcity of this species in the Iberian Peninsula, as well as the constancy of its morphology and the homogeneity of initial karyological observations, counts were made from only five individuals belonging to three populations. The results are presented in Table 8 .
Previous chromosomal counts were made by Davies (1956a, b ; n = 34; Great Britain), Dietrich (1972; n = 34; Italy) and Heilborn (1924; n = 34; cultivated, of unknown origin).
The lowest chromosome number in the section was observed in C. extensa ( n = 30). The second lowest, n = 34, was obtained in this species as well as in C. lainzii and several populations of C. distans and C. mairii, while the remaining species showed higher values. (Turkey, Iran, and Northern Iraq), which would have provided data of great relevance to the phylogenetic treatment of the section. Nonetheless, we can outline a scheme of phylogenetic relationships with the available data.
We believe that C. extensa is the most distinctive species, on the basis of its characteristic morphology and its chromosome number (2n = 60). If we suppose that chromosome fission has been the predominant process in the cytological evolution of the section, as seems probable according to the arguments proposed above, C. extensa would then be the most ancient taxon.
Apart from C. extensa, there are two predominant agmatoploid levels in the section SPirostacLyae: 2n = 68 and 2n = 72. It appears likely that in the ascending series of chromosome numbers, the level 2n = 68 has become quite stable, although fluctuations in agmatoploid processes would have produced higher values, with 2n = 7 2 being the subsequent level at which species such as C. helodes, C. camposii, C. binervis and C. laevigata became stabilized. The latter two species would then have continued to evolve, giving rise to higher chromosome numbers, stabilizing at 2n = 7 4 in the case of C. binervis and producing an agmatoploid fission series with a clear biogeographic gradient in the case of C. laevigata (cf. Luceiio & Castroviejo, 199 1 ), while C. helodes and C. camposii maintain the value 2n = 72. There is some biogeographical support for this hypothesis: C. binervis and C. laevigata are widely distributed in zones of oceanic influence in Europe and northern Africa and are thus subject to a considerable number of local ecological influences, while C. camposii and C. helodes, on the other hand, are local endemics well adapted to their narrow environmental possibilities.
The value 2n = 68 has been maintained in other species (C. lainzii, C. punctata, and some populations of C. mairii and C. distans); most likely these species or their ancestors gave rise to agmatoploid variations reaching the level of 2n = 7 4 present in some races of C. distans.
The karyological data suggest two species groups within the section Spyrostachyae in the Old World: the C. laevigata group and the C. distans group. From a morphological perspective, the first group is characterized by species which frequently produce long-cylindrical androgynous spikes, the lower one pendant. The second group shows consistently unisexual spikes, the female ones ovoid or short-cylindrical, frequently grouped at the upper part of the shoot with the lower spike erect.
A hypothetical evolutionary scheme for the first group has been presented elsewhere (Luceiio, 1992b) . Understanding the evolution in the C. distans group is more difficult, due mainly to the lack of karyological data for species with oriental distribution. Nonetheless, we can establish two subgroups on the basis of morphological characters: one would comprise C. lainzii, C. diluta, C. mairii, and C. punctata, with the lower bract generally longer than the inflorescence and at least a few female spikes grouped together, while another subgroup would include C. distans, C. jssirostris, C. cretica, C. troodi, and C. cilicica, characterized by a lower bract shorter than the inflorescence and the female spikes separated from each other. We do not know the predominant euploid level of C. diluta, but it seems that the first subgroup possesses a chromosome number of 2n = 68 (some individuals of C. mairii are 2n = 69 and 2n = 70). In the second group, in which chromosome numbers are known for only C.jissirostris (2n = 72) and C. distans (2n = 68-74), agmatoploid processes have probably been more active in cytological evolution. Figure 12 illustrates a hypothetic scheme of interrelationships between taxa within the section Spirostachyae.
Meiosis in the section Ceratocystis Dumort.
Carex durieui Steudel ex Kunze Table 9 shows the results of meiotic studies (Fig. 7 ) of this northwestern Iberian endemic. One individual from the population 3188ML shows a clearly heteromorphic trivalent, indicating fission processes in this species, in contrast to the limited importance which Schmid (1982) attributed to such processes in other species of the section. Dietrich (1964) reported 2n = 52 for one individual collected in Asturias (Spain); thus, the value 2n = 53 is new for the species.
Carex hostiana DC.
This species is extremely rare on the Iberian Peninsula. We studied three individuals from population 34588ML (Spain, Asturias, Noreiia) and found ail to have regular meiosis with 2811 (2n = 56) in MI.
This finding agrees with previous data published by Heilborn (1924 Heilborn ( , 1928 Sweden) , Davies (1955 Davies ( , 1956a Great Britain) Love (1954; Europe) and Hindakova ( 1978; Czechoslovakia) . The chromosome counts of Love ( 1954) pertain to European plants, but also include 2n = 56 for C. fulvescens Mack., which Crins & Ball (1987) considered to be synonymous with C. hostiana.
There are numerous reported chromosome counts outside the Peninsula, which are uniformly n = 30, 31 (Schmid, 1982) . We obtained different values in all studied populations of the C.jaua group,, and although from the morphological characters we had certain doubts in our identification of some individuals used in the karyological study, all belonged to other taxa of this complex group. Carex demissa Hornem. We studied six individuals belonging to five populations as shown in Table 10 . Our results coincide (Fig. 8) with those of Schmid (1982) , who found the diploid 2n = 70 to be more frequent than 2n = 68.
Carex lepidocarpa Tausch var. lepoidocarpa This is the most abundant species of the group in the Iberian Peninsula. Table 11 shows the results of five individuals examined from four populations.
Among the many chromosome counts available in the literature, the most frequently obtained has been n = 34 (2n = 68), reported by Davies (1955) , Schmid (1982) , and Stoeva & Stepankova (1990) . The latter authors report the only exceptional chromosomal count, an aneuploid 2n = 69 from Czechoslovakia, obtained in somatic mitosis.
Our data thus include two new chromosome numbers for the species: n = 33 and n = 35 (Fig. 9) , the former bridging somewhat the discontinuity between the cytotypes of C.java (n = 30, 31) and those of C. 1. lepidocarpa (n = 34).
Carex lepidocarpa var. neuadensis (Boiss. & Reuter) Kiik.
Both Schmid (1983) and Crins & Ball (198913) doubted that the material from Teruel Province examined by Kjellqvist & Love (1963) could be C. nevadensis. All the material we have seen from the region belongs to the variety lepidocarpa.
The morphological differences between C. lepidocarpa and C. nevadensis are few; thus Schmid (1982) and Crins & Ball (1989b) gave the plant of Boissier and Reuter subspecific and varietal ranks, respectively. Schmid (1982) did not consider the plant to be endemic to the Sierra Nevada but rather the replacement of C. demissa in the mountains of Southern Europe. According to Crins & Ball (1989b) , the plant is indeed endemic to the Sierra Nevada, an opinion also held by Vigo (1983) , who considered the small plants collected from the high Pyrenees to belong to C.Java var. alpina Kneuker. We are in partial agreement with all of these authors; we feel the plant does not merit more than varietal rank, although its distribution includes some mountains of southern Europe, while in the Pyrenees C.Java var. alpina is also present. This does not imply that C . nevadensis replaces C. demissa in the mountains of southern Europe, but rather that the two tend not to occur together. Thus in the Iberian Sistema Central, the only member of the group found is C. demissa, while in the highest parts of the Picos de Europa and in the Pyrenees the variety nevadensis replaces variety lepidocarpa. From a karyological point of view it would be interesting to obtain chromosome counts for C . nevadensis from the Sierra from where it was described, and to this end we collected seven individuals for which data are presented in Table 12 , together with those of two other Iberian populations which we believe to belong to the variety nevadensis.
The diploid number determined for all individuals is 2n = 68 (Figs 10, 11 ). This corresponds to the number which appears to occur most frequently in the variety lepidocarpa.
Carex viridula Michx.
We studied seven individuals from a single population: Beira Litoral (Portugal), Figueira da Foz, 1189ML. All showed regular meiosis with 3511 in M I and MI1 (2n = 70). This result is consistent with the majority of previous findings (cf . Schmid 1982) .
Our data on the section Ceratocystis are not sufficient to establish general conclusions about cytological evolution in the section. The group is, nonetheless, well-studied and with a known capacity for introgression in the majority of the species. Evolutionary tendencies and taxonomic treatment of the section have been given by Schmid (1982 Schmid ( , 1983 and Crins & Ball (1988 , 1989a . These authors agree that the taxa with lowest chromosome numbers are the most ancient, although they differ in their views of the mechanisms which have produced aneuploidy.
Relations between the sections Ceratocystis Dumort., Elatae Kiik., and Spirostachyae
(Drejer) Bailey
The sections Ceratocystis and Spirostachyae are obviously related and probably have a common ancestor with a chromosome number around 2n = 50 (Fig. 12) .
A parallel between the two sections was established by comparing C . durieui of section Ceratocystis and C. extensa from section Spirostachyae. Both species have a chromosome number much lower than the remaining species in their respective groups, as well as considerable morphological diversity.
Another problem is the relationship between sections Spirostachyae and Elatae
Kiik., with species such as C . laevigata and C. camposii included in the latter (Kiikenthal, 1909; Chater, 1980) . The most important characters which have been employed in differentiating these two sections are the width of the leaf and the length of the ligule, both parameters being greater in species of the section Elatae. These characters complicate the placement of C. helodes, which has very wide leaves but also very short ligules. Morphological study of the three species of section Elatae which inhabit evergreen laurel forests of Macaronesia-C. perraudieriana Gay ex Kuk. (Canaries), C. lowei Becherer (Madeira) and C. hochstetteriana Gay ex Seub. (Azores)-shows that there are important differences from C. laevigata and C. camposii. Among these are the numerous male spikes in the Macaronesian species as compared to 1(-2) in the two European species. Additionally, the lower spikes in the Macaronesian plants are mostly androgynous and frequently branched at the base, while these characteristics are extremely rare in C. laevigata and C. camposii. Furthermore, most of the lower spikes are pendulous in the first group of species, while in C. laevigata and C. camposii only the lowest or more rarely the two lowest spikes show this characteristic.
A final bigeographical argument is that the rest of the species of section Elatae are distributed in the tropical and subtropical forests of the African continent.
From a karyological point of view, the only known chromosome counts for species of the section Elatae (Luceiio, 1992a) are those of C. perraudieriana ( n = 37) and C. hochstetteriana (n = 38). These counts coincide with those already seen in the section Spirostachyae and thus are not especially helpful.
In summary, we are inclined to include C. laevigata and C. camposii within section Spirostachyae. 
